Design and development of the hazardous gas detection system for launch vehicle propellant loading and checkout by Harwell, R. J. et al.
N A S A  TECHNICAL 
MEMORANDUM 
DES I GN AND DEVELOPMENT OF THE HAZARDOUS GAS 
DETECTION SYSTEM FOR LAUNCH VEHICLE PROPELLANT 
LOAD ING AND CHECKOUT 
By C. L. Perry, A. C. Krupnick, and R. J. Harwell 
Propulsion and Vehicle Engineering Laboratory 
C A S E  6 
NASA 
George C. Marshdl1 
Spdce Flight Center 
N.AS.4 TM X-53720 
April 3, 1968 
https://ntrs.nasa.gov/search.jsp?R=19700009448 2020-03-23T19:24:17+00:00Z
DESIGN AEJD DEVELOPmNT OF THE: HAZARDOUS G A S  DETECTION SYSTEM 
FOR LAUNCH VEXICLE PROPELLAMT LOADING AND CHECKOUT 
By C .  E .  Pe r ry ,  A .  C .  Krupnick, 
and R ,  J .  Harwell 
Gearge C .  Harsha l l  Space F l i g h t  Center 
Har sha l l  Space F l i g h t  Center ,  Alabama 
ABSTRACT 
This  r e p o r t  desc r ibes  the development of an  appara tus  f o r  remotely 
monitoring the  gas purge environments o f  the Sa turn  launch v e h i c l e  sys  tems 
dur ing  the prelaunch and checkout per iod .  The appara tus  was designed 
around a remotely con t ro l l ed  mass spectrometer  w i t h  solenoid-operated 
sampling v a l v e s  which a l low s u r v e i l l a n c e  of s e l e c t e d  a r e a s  w i t h i n  t h e  
v e h i c l e .  The system c o n s i s t s  of s l i g h t l y  modified commercial components. 
The modi f ica t ions  do n o t  des t roy  normal manual ope ra t ion  c a p a b i l i t i e s  of 
t.he equipment. A l l  t he  v e r s a t i l i t y  of the mass spectrometer  i s  r e t a i n e d  
f o r  p o s s i b l e  use  a s  an a n a l y t i c a l  mass spectrometer  when the system i s  
n o t  being used CQ suppor t  a Launch v e h i c l e  t e s t .  
The combination of remote c o n t r o l ,  long d i s t ance  ope ra t ion ,  and 
mul t ip l e  sampling over long d i s t a n c e s  is  a unique a p p l i c a t i o n  of  the  
mass spectrome t e a  technique of a n a l y s i s .  
With t h i s  system cons iderable  t ime, money, and manpower can  be 
conserved. D i rec t  a n a l y t i c a l  assay  a l s o  e l i m i n a t e s ,  t o  a l a r g e  e x t e n t ,  
the  long time requirements  of labora tory  a n a l y s i s .  
The Appendix p re sen t s  the his tor ico :  sequence i n  the  development of 
the Hazardous Gas DetecLioa System (HGDS) t o  show t h e  problems t h a t  had 
t o  be solved and the  var ious  improvements made between the  v a r i o u s  
Sa turn  E launches t o  support  a d d i t i o n a l  a n a l y t i c a l  requirements  
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DESIGN AND DEVELOPMENT OF THE HAZARDOUS GAS DETECTION SYSTEM 
FOR LAUNCH VEHICLE PROPELLANT LOADING AND CHECKOUT 
SUMMARY 
An appara tus  f o r  remotely monitoring hazardous gases  i n  the  purged 
a r e a s  of a  Saturn launch v e h i c l e  system has  been developed. The appara tus  
was designed around a  remotely con t ro l l ed  mass spectrometer  w i t h  solenoid 
opera ted  sampling v a l v e s  which allow su rve i l l ance  of s e l e c t e d  a r e a s  
w i th in  the  v e h i c l e  dur ing  prelaunch p rope l l an t  loading ope ra t ions .  The 
system c o n s i s t s  of s l i g h t l y  modified commercial "of f - the-she l f"  components. 
The modi f ica t ions  do n o t  des t roy  normal manual ope ra t ion  c a p a b i l i t i e s  of 
the  equipment. A l l  t he  v e r s a t i l i t y  of t he  mass spectrometer  i s  r e t a i n e d  
f o r  p o s s i b l e  use a s  an  a n a l y t i c a l  masg spectrometer when t h e  system i s  
n o t  being used t o  support  a  launch v e h i c l e  t e s t .  
The combination of remote c o n t r o l ,  long d i s t ance  ope ra t ion ,  and 
mul t ip l e  sampling over long d i s t a n c e s  i s  a  unique a p p l i c a t i o n  of  the  mass 
spectrometer  technique of a n a l y s i s .  The system i s  capable of d i r e c t  o r  
computerized remote ope ra t ion .  
I n  a d d i t i o n  t o  t h i s  t echn ica l  p re sen ta t ion  of the Hazardous Gas 
Detec t ion  System (HGDS), t he  h i s t o r i c a l  developments a r e  considered t o  
be of s u f f i c i e n t  mer i t  t o  record  a s  an Appendix t o  show t h e  problems t o  
be solved and the  progress  of the HGDS development and the  improvements 
INTRODUCTION 
This  r e p o r t  p r e s e n t s  the  t echn ica l  development of the  mass 
spectrometer HGDS used a t  Kennedy Space Center (KSC) f o r  launch v e h i c l e  
p r o p e l l a n t  and ox id i ze r  loading ope ra t ions .  The HGDS i s  designed around 
commercially a v a i l a b l e  l abo ra to ry  equipment which has been modified t o  
be opera ted  remotely wi thout  des t roy ing  the  v e r s a t i l i t y  of the  mass 
spectrometer  equipment. The HGDS i s  designed t o  manually sweep-scan 
from atomic mass 1 through 150 or  t o  p r e s e l e c t  up t o  s i x  d i f f e r e n t  
gases  i n  a  mixture.  Under t he  p re sen t  requirement ,  t he  HGDS i s  s e t  up 
t o  d e t e c t  and q u a n t i t a t i v e l y  ana lyze  f o r  hydrogen, oxygen, helium, and 
n i t r o g e n ,  and t o  d e t e c t  n i t rogen  t e t r o x i d e  and the  hydrazine d e r i v a t i v e s .  
The i n i t i a l  design concept f o r  t he  HGDS was developed during the  
f i r s t  p a r t  of 1964 a s  a l e a k  checking device f o r  t he  i n t e r s t a g e  compart- 
ments of t h e  Saturn I B  and Sa turn  V systems. It was decided l a t e r  t o  
develop an au tomat ica l ly  operated mass spectrometer  system t h a t  could 
samp l e  va r ious  a r e a s  w i t h i n  the  i n t e r s  tage compartments f o r  hydrogen 
gas by means of a scanner-valve manifold system. The scanner-valve 
concept was eventua l ly  e l imina ted  because of c o s t  and q u a l i f i c a t i o n  time. 
HAZARDOUS GAS DETECTION SYSTEM DEVELOPMENT 
Since c a t a l y t i c  decomposition devices  r e q u i r e  a small amount of 
oxygen t o  func t ion  proper ly  they cannot accu ra t e ly  monitor f o r  hydrogen 
i n  a r e a s  which con ta in  h igh  concent ra t ions  of i n e r t  gases .  Therefore ,  
i t  was necessary t o  develop an  a n a l y t i c a l  system t h a t  would circumvent 
t h i s  problem. It was be l ieved  t h a t  such a d e t e c t i o n  system could be 
developed around mass spectrometer  techniques from e x i s t i n g  l abo ra to ry  
equipment. I n  a d d i t i o n  t o  t h e  assay  of hydrogen, the a n a l y t i c a l  i n s t r u -  
mentation was t o  be capable of monitoring f o r  oxygen and p o s s i b l e  
hypergols such a s  N2O4 and the  hydrazine d e r i v a t i v e s .  
The t a s k  was t o  assemble a system t h a t  would be capable o f :  
(1) remote e l e c t r i c a l  ope ra t ion  over 1700 f e e t  of hard wi re ,  (2) ob ta in -  
i ng  a r e p r e s e n t a t i v e  sample from t h e  v e h i c l e ,  (3) pumping the  sample 
approximately 175 f e e t  through pneumatic l i n e s  t o  an  ana lyz ing  device 
w i t h i n  a minimum amount of t ime,  and (4) ope ra t ing  f o r  a t  l e a s t  24 hours  
w i thou t  access  f o r  maintenance o r  adjustment .  
During the Sa turn  launch program, beginning w i t h  SA-7 and c o n t i n  
through AS-201, the  HGDS was developed i n t o  i t s  f i n a l  form a s  shown i n  
F igure  1. The a c t u a l  hardware shown here  i s  i n  use on t h e  Sa turn  I B  
launch pads. The Unit i s  con t ro l l ed  and read out  remotely by hard wire  
connect ions,  and i s  i s o l a t e d  from a l l  o the r  systems; i . e . ,  no d a t a  l i n k s  
a r e  used. On Saturn  V t h e  system i s  remotely con t ro l l ed  through the  RCA 
computer, and d a t a  a r e  t r ansmi t t ed  v i a  t h e  D i g i t a l  Data Acqu i s i t i on  System 
(DDAS). These d i f f e r e n c e s  i n  con t ro l  and readout  r e q u i r e  s l i g h t l y  d i f -  
f e r e n t  con t ro l  pane ls  and one minor e l e c t r o n i c  change t o  the vacuum gauge; 
o therwise ,  the u n i t s  a r e  nea r ly  i d e n t i c a l  i n  mechanical and e l e c t r i c a l  
con f igu ra t ion .  Bas i ca l ly ,  t h e  system i s  a mass spectrometer  w i th  a 
cont inuous i n l e t  system. The instrument  system was developed dur ing  
t h e  Sa turn  I program w i t h  system changes being made between launches t o  
improve performance, The mass spectrometer and vacuum system a r e  i n  t he  
l e f t  cab ine t  (Fig. 1 )  and c a l i b r a t i o n  gas i s  i n  a b o t t l e  i n  t h e  ad j acen t  
cab ine t .  Local c o n t r o l  pane ls  a r e  i n  an ad jacen t  rack  (not shown) and 
remote con t ro l  pane ls  a r e  l oca t ed  i n  the blockhouse o r  launch con t ro l  
cen te r .  One-fourth inch s t a i n l e s s  s t e e l  sample l i n e s  a r e  brought i n t o  
the  top  of t h e  r ack ,  and t h e  a reas  t o  be s e l e c t e d  f o r  monitor ing a r e  
con t ro l l ed  by remotely operated se l f -mani fo ld ing  so lenoid  va lves .  
Panel A i n  t he  r ack  i s  a  Granv i l l e -Ph i l l i p s  automatic  p re s su re  
c o n t r o l l e r  which provides cons tan t  sample p re s su re  f o r  the mass spec- 
t rometer .  Panel B conta ins  a  Cryogenics, Inc . ,  l i q u i d  n i t rogen  (LN2) 
l e v e l  c o n t r o l l e r  which au toma t i ca l ly  maintains  LN2 f o r  the  vacuum 
system and a l s o  a  Consolidated Vacuum Corporat ion thermocouple gauge 
c o n t r o l l e r  which au toma t i ca l ly  ope ra t e s  the d i f f u s i o n  pump. Panels  C ,  
D, and E a r e  the  Consolidated Electrodynamics Corporat ion mass spectrom- 
e t e r  pane ls .  Panel F i s  a  Gr*anvil le-Phi l l ips  i o n i z a t i o n  vacuum gauge 
c o n t r o l l e r  which provides a  c o n t r o l  s i g n a l  t o  t he  automatic  p re s su re  
c o n t r o l l e r  and a  readout  s i g n a l  f o r  remote monitor ing of the  vacuum 
system. Panel G i s  an  automatic  peak s e l e c t o r  f o r  the mass spec t rometer .  
This panel  can be programmed and tuned t o  any mass number from 2 t o  
150, and al lows monitor ing of up t o  6 i nd iv idua l  mass numbers. The time 
cyc le  f o r  t h i s  u n i t  i s  15 seconds f o r  each mass number p l u s  15 seconds 
r e s e t  a t  the  end of each cyc le .  Panel H houses t h e  sample s e l e c t i o n  
manifold which al lows t h e  s e l e c t i o n  of a  v e h i c l e  compartment o r  a  
s tandard  c a l i b r a t i o n  gas.  The hand va lves  on t h e  f r o n t  a l low balancing of 
the  p re s su re  i n  the  manifold f o r  b e t t e r  sample c o n t r o l .  The con t ro l  
panel  can be designed t o  permit  manual ope ra t ion  of t h i s  sampling mani- 
f o l d ,  automatic  va lve  sequencing, or  bo th .  The vacuum system is  i n  t h e  
bottom of t he  rack  cab ine t .  
The vacuum system shown i n  F igure  2 c o n s i s t s  of s l i g h t l y  modified 
o f f - the - she l f  hardware which f i t s  i n t o  t he  lower one- th i rd  of a  
s tandard  19-inch r e l a y  r ack  and r e q u i r e s  a c  power, water ,  and LN2 f o r  
ope ra t ion .  Operation of the  vacuum system i s  semi-automatic. The 
d i f f u s i o n  pump i s  operated by a  thermocouple vacuum gauge which senses  
the  f o r e l i n e  p re s su re .  The d i f f u s i o n  pump i s  f u r t h e r  pro tec ted  by a  
thermosta t ,  a  water  p re s su re  switch,  and a  quick-cool solenoid v a l v e .  
A water  cooled chevron b a f f l e  i s o l a t e s  t he  d i f f u s i o n  pump from t h e  
l i q u i d  n i t r o g e n  co ld  t r a p  thus  prevent ing back-streaming of o i l  i n t o  
the  main vacuum chamber. A permanent magnet provides  t he  f i e l d  f o r  
the  c y c l o i d a l  focussed mass spectrometer .  
The sampling system i s  a  double by-pass system which gives f a s t  
response over long sampling d i s t ances .  A h igh  v e l o c i t y  of  gas f low 
(25 f e e t  per  second) i s  brought from the  v e h i c l e  l o c a t i o n  being sampled, 
and t h e  major po r t ion  of the  gas i s  exhausted by the  sample pump. However, 
p a r t  o f  t h i s  sample i s  taken ou t  of the  manifold and flows through t h e  
au toma t i ca l ly  c o n t r o l l e d  v a r i a b l e  l e a k  p a s t  a  gold o r i f i c e  which p i cks  
up a  small  po r t ion  of t he  gas flow f o r  a n a l y s i s  by the mass spectrometer .  
The sampling system i s  shown schemat ica l ly  i n  t h e  Appendix, F igure  A-3. 
Response time from the  va lve  manifold i n l e t s  f o r  readout  i s  p r a c t i c a l l y  
ins tan taneous .  The sample response time v a r i e s  depending on t h e  
d i s t a n c e  between the  a r e a  being sampled and the  HGDS. The g r e a t e s t  
response time experienced i n  a p p l i c a t i o n  of t he  HGDS was approximately 
50 seconds where the  a r e a  being sampled was s e v e r a l  hundred f e e t  from 
the  HGDS. 
The c o n t r o l  pane l  f o r  t h e  Saturn I B  u n i t s  i s  shown i n  F igure  3 .  It 
c o n s i s t s  of two rows of bu t tons  which con t ro l  a  t r a n s i s t o r i z e d  swi tch ing  
network. Recorders record  the  condi t ion  of t he  vacuum system and the  mass 
spectrometer r eadou t .  Control  from t h i s  pane l  i s  manual except  t h a t  t he  
peak s e l e c t o r  can be s e t  t o  analyze au toma t i ca l ly  up t o  s i x  gases  o r  t o  
hold on any one of t he  s i x  f o r  continuous a n a l y s i s  of a  s i n g l e  gas .  
The c o n t r o l  pane l  f o r  t h e  Saturn V u n i t  i s  shown i n  Figure 4. Command 
of con t ro l  func t ions  i s  accomplished through the  ground computer and a l l  
readout  s i g n a l s  a r e  t r ansmi t t ed  by the  DDAS. With t h i s  pane l ,  t he  
sample s e l e c t i o n  va lves  can be s e t  t o  ope ra t e  s e q u e n t i a l l y ,  thus  g iv ing  
f u l l y  automatic  monitor ing of the launch v e h i c l e .  
The HGDS, be ing  a  gas ana lyzer ,  can be used t o  monitor the envi ron-  
ment of an  i n t e r s t a g e  a r e a .  It can show the dep le t ion  of a  gas spec i e s  
due t o  a  change i n  t he  purge gas a s  w e l l  a s  t he  q u a l i t y  of the  purge.  
Figure 5 shows the  r e a l  time da ta  observed w i t h  the  HGDS on AS-201 
Countdown Demonstration T e s t s  (CDDT) during change -over of the  Environ- 
mental Control  System (ECS) purge from a i r  t o  GN2. The peak s e l e c t o r  
was stopped on the  oxygen peak f o r  continuous monitor ing.  The va lve  
manifold was used t o  s e l e c t  the S-IVB (second s t age )  a f t  i n t e r s t a g e  
compartment. A s  t h e  GN2 purge s t a r t s ,  the  21 pe rcen t  02 concent ra t ion  
begins t o  dep le t e  r a p i d l y .  The peak s e l e c t o r  was r e tu rned  t o  automatic  
ope ra t ion  t o  scab f o r  background, N2, H z ,  He, and 02. It was found t h a t  
t h e  02 concen t r a t ion  had dropped t o  2.5 pe rcen t  w i t h i n  t h r e e  minutes.  
A f t e r  one a d d i t i o n a l  peak s e l e c t o r  c y c l e ,  the 02 concent ra t ion  was down 
t o  0.25 percent  (Fig. 6) .  The ramp funct ions  i n  F igures  5 and 6 i d e n t i f y  
t h e  gas c o n s t i t u e n t  being analyzed. The a d d i t i o n a l  da ta  shown i n  F igure  6 
i n d i c a t e  the  r a p i d  r e a c t i o n  time of t he  HGDS and i t s  s e n s i t i v i t y  t o  
changes w i t h i n  the i n t e r s t a g e .  It can be seen t h a t  t he  02 concen t r a t ion  
began t o  r i s e  suddenly, t o  10 percent  by volume, and then began decreas ing .  
Communication w i t h  the  t e s t  conductor v e r i f i e d  a  s h o r t  l o s s  of GN2 purge 
due t o  an  e r r o r  i n  fo l lowing  the  procedures used i n  conver t ing  the purge 
from a i r  t o  GN2. This  e r r o r  allowed a "slug" of a i r  t o  be forced  i n t o  
the  S-IVB a f t  i n t e r s  tage compartment . 
It was suggested t h a t  the  HGDS be used t o  d e t e c t  t he  14 pound-per- 
minute engine chilldown purge of t h e  S-IVB engine.  This chilldown was 
t o  take p lace  a t  T-2 :14 i n  the  CDDT. During a  hold a t  T-3 :20, the d a t a  
shown i n  F igure  7 were observed whi le  surveying the  veh ic l e .  It can be seen 
t h a t  about one pe rcen t  helium i s  p re sen t  i n  the S-IVB and none i s  p r e s e n t  
i n  the I U .  The 02 con ten t  i n  both a r e a s  i s  below 0.25 pe rcen t .  The one 
percent  volume of helium shown here  back-ca lcu la tes  t o  114-pound per  
minute helium purge based on a  160 pound-per-minute GN2 purge. This  
small amount seen he re  was n o t  the chilldown helium purge,  b u t ,  according 
t o  KSC personnel  i n  t he  blockhouse, was a  small  t r i c k l e  purge pre l iminary  
t o  the chilldown. The t e s t  was terminated dur ing  the  hold a t  T-3:20, so 
the a c t u a l  14 pounds per  minute was never used. 
CONCLUSIONS 
Based on the  d a t a  obtained i n  t h i s  development program, the HGDS 
w i l l  provide cont inuous,  accu ra t e ,  and s e n s i t i v e  s u r v e i l l a n c e  of i n t e r -  
s t age  environment of both the  Saturn I B  and t h e  Saturn V launch v e h i c l e s  
dur ing  p rope l l an t  and ox id i ze r  loading u n t i l  launch takes  p lace .  Due t o  
the  f l e x i b i l i t y  of the  HGDS and i t s  a b i l i t y  t o  provide l abo ra to ry  
a n a l y t i c a l  type d a t a ,  t he  u t i l i z a t i o n  of t h i s  equipment n o t  on ly  provides 
monitor ing assay  of t h e  hazardous gases  such a s  hydrogen, oxygen, 
and hypergol  vapors ,  but  may a l s o  be used f o r  checking the  i n e r t i n g  
cond i t i ons  w i t h i n  the  launch v e h i c l e  tanks ,  t r a n s f e r  l i n e s ,  and ground 
support  equipment i f  des i r ed .  Implementation of thc: HGDS's p r e s e n t  
degree of v e r s a t i l i t y  could be a f forded  by simply connect ing the  HGDS 
v i a  bypass sampling l i n e s  t o  the  gas system r e q u i r i n g  s u r v e i l l a n c e  
s i n c e  the  system r e t a i n s  the  f l e x i b i l i t y  of s tandard  labora tory  equip - 
ment. The system may be used t o  monitor any gas mixtures  and q u a n t i t a -  
t i v e l y  ana lyze  f o r  any c o n s t i t u e n t  from mass 2 t o  150. Some d i f f i c u l t y  
may occur i n  the  a n a l y s i s  of a  cont inuing  hypergol-fuel leak  s i n c e  the 
sampling system has a  long memory f o r  t hese  compounds and w i l l  n a t  pump 
c lean .  Also ,  some problems may a r i s e  i n  s e l e c t i n g  c a l i b r a t i o n  gases  
f o r  hydrazine d e r i v a t i v e s  s i n c e  they a r e  normally l i q u i d  wi th  low vapor 
served w i t h  the  a b i l i t y ,  a s  a f forded  by the  HGDS, t o  assay  a t  w i l l  
p r e s s u r i z i n g  gases  u t i l i z e d  on the  launch complexes p r i o r  t o  and during 
launch. D i rec t  a n a l y t i c a l  assay  could e l imina te  t o  a  l a rge  e x t e n t  the 
long time requirement  of labora tory  a n a l y s i s  a s  p r a c t i c e d  a t  t h i s  t ime. 
FIGURE 1. - HAZARDOUS GAS ANALYZER 
FIGURE 2. - HAZARDOUS GAS ANALYZER VACUUM SYSTEM, FRONT VIEW 
FIGURE 3 .  - BLOCKHOUSE REMOTE CONTROL PANELS, SATURN I B  
f \ VALVE 
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FIGURE 4. - F I R I N G  ROOM CONTROL PANEL, SATURN V 
F I G U R E  5. - S - I V B  ENVIRONMENT CONTROL SYSTEM S H I F T  
TO GASEOUS NITROGEN, A S - 2 0 1  

FIGURE 7. - APPEARANCE O F  HELIUM I N  S - I V B ,  
A S - 2 0 1  COUNTDOWN DEMONSTRATION T E S T  
APPENDIX 
HISTORICAL SEQUENCE OF DEVELOPMENT 
Saturn I ,  SA-7 
Only th ree  weeks were a v a i l a b l e  to  a r r i v e  a t  a  workable a n a l y t i c a l  
system p r i o r  t o  the launch of SA-7. A l l  i tems f o r  the  u n i t  had t o  be 
assembled from modified equipment a v a i l a b l e  i n  the l abo ra to ry .  A 
Consolidated Electrodynamics Corporation (CEC) Diatron Model 21-611 
type r e s i d u a l  gas  ana lyzer  was a v a i l a b l e  f o r  use ;  however, i t  had t o  
be modified t o  sample gases  a t  atmospheric p re s su re .  Therefore,  t he  
envelope of the  "Diatron" was bored and f langed t o  accept  a  gold-leak 
o r i f i c e  (molecular l e a k ) ,  c a p i l l a r y  tube,  and bypass f l ange  normally 
used a s  a  continuous i n l e t  system on a  CEC Model 21-620 mass spectrometer  
The vacuum system shown i n  Figure A - 1  was assembled using a  Welch 
Duo-Seal Model 1400B forepump and an a i r  cooled d i f f u s i o n  pump. A l i q u i d  
n i t rogen  co ld  t r a p  approximately 5- inches O . D .  by 3-inches I . D .  by 4 - f e e t  
long was f ab r i ca t ed  in-house t o  a l low ope ra t ion  i n  t he  lom6 t o r r  p re s su re  
range f o r  approximately 24 hours .  A second vacuum pump was used t o  draw 
gas from t h e  a rea  t o  be sampled. I n  a d d i t i o n ,  t he  second s t a g e  of t h e  
mass spectrometer  vacuum forepump was f i t t e d  wi th  a  l i n e  t o  provide 
sample gas flow p a s t  the gold l eak .  F igure  A-2 shows the vacuum gauge 
c o n t r o l l e r  and analyzer  power u n i t .  A p i c t o r i a l  diagram of the system 
is shown i n  Figure A-3. 
During the  i n i t i a l  checkout i t  was determined t h a t  the instrument  
was extremely slow t o  respond. The cause was e s t ab l i shed  a s  the s tandard 
c a p i l l a r y  tube suppl ied wi th  the Model 21 -620 mass spectrometer which 
would n o t  permit  enough gas flow i n t o  the "Diatron" tube.  A replacement 
c a p i l l a r y  was f ab r i ca t ed  from a 12-inch l eng th  of 1116-inch O.D.  t h i n  
wal l  s t a i n l e s s  s t e e l  tubing.  I n  order  t o  provide the c o r r e c t  gas  flow 
wi thout  overloading the mass spectrometer  wi th  sample and des t roying  
p re s su re  c o n t r o l  of the vacuum, the  tubing was crushed c a r e f u l l y  along 
i t s  l eng th  u n t i l  the c o r r e c t  system response was acqui red .  
Upon v e r i f i c a t i o n  t h a t  t he  modi f ica t ion  was s a t i s f a c t o r y ,  a  
175-foot l eng th  of 114-inch O.D.  tubing was connected t o  the gas i n l e t  
t o  s imula te  sampling condi t ions  on the  launch pad. It was found t h a t  
t he  system could d e t e c t  a  change i n  gas composition wi th in  7 t o  8 seconds. 
The flow r a t e  through 1/4-inch tub ing  using a one cubic  f o o t  per  minute 
pump c a p a c i t y  was ca l cu la t ed  t o  be about 70 f e e t  per  second assuming 
complete v iscous  flow condi t ions .  
When t h e  mass spec t romete r  was c a l i b r a t e d  w i t h  2 .5  p e r c e n t  and 
1 . 1 5  p e r c e n t  hydrogen i n  a i r ,  t h e  d a t a  i n d i c a t e d  a  l i n e a r  c o n c e n t r a t i o n  
r e s p o n s e  f u n c t i o n  a s  a n t i c i p a t e d .  The s e n s i t i v i t y  of t h e  mass s p e c t r o -  
meter  t o  t h i s  c a l i b r a t i n g  g a s  was 16 c h a r t  d i v i s i o n s  f o r  each  p e r c e n t  of 
hydrogen. The e s t i m a t e d  accuracy  of t h e  system was a b o u t k 1 0  p e r c e n t  of 
t h e  l e v e l s  observed.  Th is  e s t i m a t e  i s  based on t h e  v a r i a t i o n  o f  o u t p u t  
observed w i t h  a n  a p p l i e d  5-10 p e r c e n t  v a r i a t i o n  of t h e  "Diat ron"  
p r e s s u r e  from i t s  p r e s e t  l e v e l .  
The mass s p e c t r o m e t e r ,  w i t h  i t s  vacuum pumps and p r e s s u r e  gauge,  
was i n s t a l l e d  i n  t h e  Manometer Room o f  t h e  Ground Suppor t  Equipment 
b u i l d i n g  on t h e  l aunch  pad. Temporary f l e x i b l e  meta l  hoses  were used 
t o  c r o s s  t h e  u m b i l i c a l  arms a t  t h e  i n t e r s t a g e  a r e a s .  The o u t p u t  s i g n a l s  
of t h e  mass spec t romete r  and t h e  p r e s s u r e  gauge were r e c o r d e d  i n  t h e  
blockhouse approx imate ly  1700 f e e t  d i s t a n c e .  Output  n o i s e  l e v e l s  observed 
were g e n e r a l l y  s l i g h t  and i n s i g n i f i c a n t .  Recorders  t h a t  were  l o c a t e d  i n  
t h e  blockhouse recorded  o n l y  t h e  vacuum and t h e  a n a l y z e r  o u t p u t s .  No 
c o n t r o l  f u n c t i o n s  were provided a t  t h e  r e c o r d e r s .  
When t h e  equipment was i n s t a l l e d  on t h e  launch pad,  318- inch O . D .  
t u b i n g  was used i n s t e a d  of 114- inch t u b i n g  t o  connec t  t h e  S-IVB i n t e r -  
s t a g e  a r e a  t o  t h e  i n s t r u m e n t .  The approximate  d i s t a n c e  from t h e  
i n t e r s t a g e  t o  t h e  mass spec t romete r  was 175 f e e t .  I n  a  t e s t  u s i n g  
gaseous  hel ium a s  a  t e s t  g a s ,  t h e  r e s p o n s e  t ime of t h e  sampling system 
was 1 . 5  t o  2 .0  minu tes .  A t  t h i s  t ime,  optimum sampling c o n d i t i o n s  were  
n o t  comple te ly  unders tood ,  l e a d i n g  t o  t h i s  e r r o r  i n  sample t u b i n g  
s e l e c t i o n .  L a t e r ,  t e s t s  a t  MSFC w i t h  318- inch,  114- inch ,  and 3116-inch 
O.D. t u b i n g  i n d i c a t e d  t h a t  3116-inch t u b i n g  gave a  r e s p o n s e  t ime o n l y  
s l i g h t l y  b e t t e r  t h a n  114- inch t u b i n g ;  however, s i n c e  3/16 - i n c h  t u b i n g  
was n o t  r e a d i l y  a v a i l a b l e  a t  t h e  launch complexes, 114-inch t u b i n g  was 
s e l e c t e d  f o r  f u t u r e  u s e .  
During t h e  Countdown Demonstration T e s t  (CDDT), t h e  moni tor  was 
c a l i b r a t e d  and a d j u s t e d  a t  2 a.m. and l e f t  una t t ended  d u r i n g  t h e  t e s t .  
No hydrogen l e a k s  were i n d i c a t e d  by t h e  moni tor  d u r i n g  t h e  t e s t .  A f t e r  
1 8  h o u r s ,  t h e  launch pad was opened t o  p e r s o n n e l .  Without making any 
i n s t r u m e n t  a d j u s t m e n t s ,  the  mass spec t romete r  was checked w i t h  hydrogen 
g a s  and was found t o  have f u n c t i o n e d  p r o p e r l y  and r e l i a b l y .  Thus, it 
was determined t h a t  a  system des igned  around t h e  mass spec t romete r  
p r i n c i p l e  was f e a s i b l e  t o  develop i n t o  a  hydrogen gas  moni to r ing  s y s  tem 
under  t h e  p r e v i o u s l y  mentioned ground r u l e s .  
During t h e  post-CDDT e v a l u a t i o n ,  i t  w a s  r e q u e s t e d  t h a t  t h e  M a t e r i a l s  
D i v i s i o n  c o n t i n u e  t o  p r o v i d e  improved hazardous  gas  moni to r ing  s u r v e i l l a n c e  
d u r i n g  f u t u r e  p r o p e l l a n t  and o x i d i z e r  l o a d i n g  o p e r a t i o n s  o f  t h e  S a t u r n  I 
launch  v e h i c l e s .  
Saturn I ,  SA-9 
Remote con t ro l  pane ls  were designed and f a b r i c a t e d  t o  provide r e -  
mote c o n t r o l  of the  "Diatron. " The vacuum system and ana lyzer  r e t a i n e d  
the  appearance shown i n  F igure  A-1.  However, a  solenoid va lve  allowed 
i s o l a t i o n  of the vacuum pumps from the  cold t r a p  i n  case  of power 
f a i l u r e .  A manifold was f a b r i c a t e d  us ing  l / 4 - inch  tube "T" f i t t i n g s  and 
115 Vac solenoid va lves  t o  a l low s e l e c t i o n  of e i t h e r  a c a l i b r a t i n g  
gas o r  the i n t e r s t a g e  a r e a  f o r  a n a l y s i s  by the instrument .  
A f r o n t  view of t he  new a c  Power Control pane l ,  t h e  "Diatron" 
Control  pane l ,  and t h e  Vacuum Gauge panel  i s  shown i n  F igure  A-4 .  Figure  
A-5 i s  a  r e a r  view of the  same panels  showing components and connec t ions .  
E l e c t r i c a l  schematics of t h e  l o c a l  a c  Power Control  a r e  shown i n  
F igures  A-6 and A-7. A r o t a r y  s tepping  swi tch  allowed s e l e c t i o n  of t h e  
c i r c u i t  t o  be energized o r  de-energized, and r e l a y s  i n  each c i r c u i t  he ld  
the  power on u n t i l  de-energized o r  a  power f a i l u r e  occurred.  A p i l o t  
l i g h t  v e r i f i e d  the  power condi t ion  of each c i r c u i t  s e l ec t ed  and power 
inpu t s  were cascaded t o  allow a f ixed  sequence of s t a r t u p .  
F igu re  A-8 shows an e l e c t r i c a l  diagram of f i v e  minia ture  r e l a y s  
i n s t a l l e d  i n  the vacuum gauge c o n t r o l l e r .  These r e l a y s  al low ene rg iz ing  
the  ion  gauge tube and switching the readout  range f o r  more p r e c i s e  read-  
o u t  of  t he  p re s su re .  
The "Diatron" c o n t r o l  was modified as shown i n  t h e  diagram (Fig. A-9). 
A dc  motor mounted on the  zero  c o n t r o l  allowed the  instrument  ga in  t o  be 
ad jus t ed .  Miniature r e l a y s  allowed switching of t h e  mass range of opera- 
t i o n ,  continuous scanning of a l l  masses, c o n t r o l  of t h e  i o n i z a t i o n  f i l a -  
ment, and a t t e n u a t i o n  of t h e  output  s i g n a l .  
A remote c o n t r o l  panel was designed and f a b r i c a t e d  f o r  use  i n  t h e  
blockhouse. This panel  i s  shown i n  Figure A-10. An e l e c t r i c a l  diagram 
of t h e  mass spectrometer c o n t r o l  s e c t i o n  of t h i s  panel  i s  shown i n  
Figure A - 1 1 .  The vacuum gauge s e c t i o n  i s  shown e l e c t r i c a l l y  i n  Figure 
A-12, and t h e  a c  power c o n t r o l  s e c t i o n  i s  shown i n  Figure A-13. 
The remote c o n t r o l s  b u i l t  f o r  the  instrument  system allowed 
complete r e s t a r t ,  c a l i b r a t i o n ,  and ope ra t ion  t o  monitor the  t o t a l  gas 
environment of the  i n t e r s t a g e .  The remote con t ro l  was loca t ed  i n  the  
blockhouse of Launch Complex 37 and the  mass spectrometer  was aga in  
i n s t a l l e d  i n  the Manometer Room on the  launch pad. 
The sampling tubing system was changed t o  l / 4 - inch  O . D .  tub ing  
from t h e  i n t e r s t a g e  t o  t he  mass spectrometer ,  r ep l ac ing  the  3/8- inch 
O . D .  sample system used on SA-7. The response time was about  10 t o  
15 seconds wi th  the  1/4- inch O.D.  tub ing ,  an improvement over t h e  1 .5-  
t o  2.0-minute response w i t h  the  3/8-inch O.D.  tubing.  
During a  tanking t e s t  of SA-9, an acc iden ta l  power f a i l u r e  caused 
the  monitoring system t o  shu t  down a f t e r  the launch pad a r e a  was c l ea red  
of personnel .  The remote c o n t r o l s  enabled the  system t o  be s u c c e s s f u l l y  
r e s t a r t e d  from the blockhouse wi thout  r e t u r n i n g  t o  the  launch pad. 
During the  tanking t e s t ,  t he  monitor was used t o  observe the  con- 
c e n t r a t i o n  of v a r i o u s  gases  w i t h i n  t h e  S-11s-IV i n t e r s t a g e  a r e a  through 
the  use of the  remote scanning c o n t r o l s .  The instrument  a l s o  was c a l i -  
b ra t ed  a t  f r equen t  i n t e r v a l s  w i th  hydrogen, n i t r o g e n ,  oxygen, helium, 
carbon d iox ide ,  and argon us ing  a  pre-analyzed s tandard  gas mixture t o  
a s s u r e  t h a t  t he  instrument  could monitor f o r  the above gases ,  both q u a l i -  
t a t i v e l y  and q u a n t i t a t i v e l y ,  i n  t h e  i n t e r s t a g e  a r e a s .  No l eaks  were 
observed wh i l e  tanking and detanking of LH2 o r  LOX dur ing  the  loading 
t e s t  of SA-9. 
The Environmental Control  System (ECS) u t i l i z e s  a n  a i r  purge p r i o r  t o  
i n e r t i n g  the  i n t e r  s t age  compartment w i th  gaseous n i t r o g e n  (GN2) before  
t he  l i q u i d  hydrogen (LH2) tanking  sequence. While monitor ing the i n t e r -  
s t age  oxygen dep le t ion  dur ing  the  pre-purge and i n e r t i n g  sequence, i t  
was found t h a t  the  i n t e r s t a g e  compartment could be purged t o  l e s s  than  
one pe rcen t  oxygen i n  approximately f i v e  minutes a f t e r  GN2 f l u s h  s t a r t -  
up (see Fig.  A-14). The countdown procedure requi red  a  GN2 purge time of 
15 minutes p r i o r  t o  tanking LH2. F igure  A-15 shows a  v e r i L i c a t i o n  
a n a l y s i s  t h a t  l e s s  than one pe rcen t  of oxygen was i n  t h e  i n t e r s t a g e  
compar tmen t dur ing  the GN2 purge . 
Because f u t u r e  t e s t s  would r e q u i r e  t he  HGDS t o  func t ion  under launch 
cond i t i ons ,  it was decided t o  check the  equipment under launch condi t ions .  
were a v a i l a b l e  t o  t h e  S-IV i n t e r s t a g e  compartment; t h e r e f o r e ,  a  sampling 
l i n e  was run  t o  the  open a i r  near  t h e  inter skid" ( L H ~  complex-vehicle 
loading va lve )  . 
During t h e  countdown and u n t i l  T+2 minutes the  system funct ioned 
a s  we l l  a s  dur ing  the  prelaunch ope ra t ions .  However, from T+2 t o  TS17 
minutes ,  t he  r eco rde r s  i nd ica t ed  e r r a t i c  ope ra t ion ,  and remote ope ra t iona l  
c o n t r o l  was unsuccessfu l .  A t  T+17, the  system re tu rned  t o  normal opera-  
t i o n a l  c a p a b i l i t y .  When the  pad was c l ea red  t o  permit  acces s  t o  personnel ,  
i t  was learned t h a t  the Automatic Ground Control System Room housing t h e  
equipment had flooded w i t h  water  from a l i n e  t h a t  had rup tu red  a t  l i f t -  
o f f .  Approximately four  inches of water  stood around the  equipment, and 
the  spray appeared t o  have contac ted  the  equipment. 
Between the  launch of SA-7 and SA-8, s eve ra l  d i f f e r e n t  types of  mass 
spec t rometers  were eva lua ted  t o  determine what instrument  was b e s t  s u i t e d  
f o r  t h e  HGDS. It was determined t h a t  t he  "cycloidal"  type mass spec t ro -  
meter was the  most p r a c t i c a l  instrument  f o r  condi t ions  t h a t  had t o  be met 
both i n  ope ra t ion  and o v e r a l l  performance. Due t o  t he  eva lua t ion  of t h e  
instrument  system a f t e r  the SA-9 launch and because of f u t u r e  r e q u i r e -  
ments, it was determined t h a t  improvements of the e x i s t i n g  equipment 
were r equ i r ed  i n  order  t o  o b t a i n  g r e a t e r  instrument  s e n s i t i v i t y ,  
r e s o l u t i o n ,  accuracy,  and r e l i a b i l i t y .  
The "Diatron" mass spectrometer  used so f a r ,  i n  a d d i t i o n  t o  being 
a  12-year o l d  ins t rument ,  began showing s igns  of wear due t o  repea ted  
assembly, disassembly, and t r a n s p o r t a t i o n  of the  system between Hun t sv i l l e  
and Cape Kennedy. Another mass spectrometer (Consolidated E l e c t r o -  
dynamics Corporation Model 21-614) wi th  a  continuous i n l e t  system and a  
high speed peak s e l e c t o r  was s e l e c t e d  f o r  a  new system because i t  f i l l e d  
the requirements  of the  program and the requirements  of t he  instrument  
opera t ion  eva lua t ion .  
Sa turn  I ,  SA-8 
The e n t i r e  system was redesigned a s  fo l lows:  The vacuum system was 
changed by r ep lac ing  t h e  a i r  cooled d i f f u s i o n  pump wi th  a  Consolidated 
Vacuum Corporation Model PMCS-2B water  cooled, u l t r a - h i g h  vacuum d i f f u s i o n  
pump us ing  Convalex-10 f l u i d .  The open cold t r a p  was replaced w i t h  a  
Granv i l l e -Ph i l l i p s  Company 2-inch Cryosorb l i q u i d  n i t r o g e n  t r a p  and an 
automatic  l e v e l  c o n t r o l l e r  t o  keep t h e  t r a p  f i l l e d  wi th  l i q u i d  n i t rogen .  
The Veeco vacuum gauge c o n t r o l l e r  was replaced wi th  a  F. J. Cooke Company 
c o n t r o l l e r  which au toma t i ca l ly  changed range, thus  s impl i fy ing  t h e  e l e c -  
t r i c a l  c o n t r o l  system. A b lock  diagram of t h e  system i s  shown i n  F igure  
A-16. F igure  A - 1 7  shows t h e  layout  p lan  f o r  t h e  equipment i n  t h e  racks  
For the  prelaunch t e s t i n g  of SA-8, i t  was reques ted  t h a t  monitor ing be 
provided f o r  the "LOX Bay" and "Fi re  Shield" a r e a s  of the  S-I s t a g e  boa t -  
t a i l  f o r  gaseous oxygen dur ing  LOX loading  a s  we l l  a s  monitor ing f o r  
gaseous hydrogen and oxygen dur ing  tanking of the  S-IV. Because only 
two sample i n l e t  solenoid va lves  had been i n s t a l l e d  during r e b u i l d i n g  
of t he  sample i n l e t  manifold, an  a d d i t i o n a l  two-way solenoid va lve  was 
a t t ached  t o  one of t he  sample va lves  t o  enable the  flow through t h i s  
va lve  t o  be divided between e i t h e r  of the  two a r e a s  w i th in  the  S-I  s t age .  
During previous p rope l l an t  loading t e s t s  a t  KSC, c o n s u l t a t i o n  
ind ica t ed  t h a t  KSC des i r ed  t o  des ign  and f a b r i c a t e  t he  e l e c t r i c a l  remote 
c o n t r o l s  f o r  t h e  mass spectrometer  i n  order  t o  make such a  system 
correspond t o  KSC p r a c t i c e s  and t o  be compatible w i th  o ther  KSC e l e c t r i c a l  
systems. Because of t h i s  d e s i r e ,  t h e  e l e c t r i c a l  c o n t r o l s  were a l s o  r e -  
designed by KSC a s  shown i n  t h e  e l e c t r i c a l  block diagram i n  F igure  A-18. 
The remote c o n t r o l s  r e b u i l t  f o r  the  instrument  system by KSC 
allowed complete r e s t a r t ,  c a l i b r a t i o n ,  and ope ra t ion  t o  moni.tor t h e  tota .1 
gas environment of t h e  i n t e r s t a g e  and b o a t t a i l  sampling po in t s .  The 
remote c o n t r o l s  cons i s t ed  of a  l o c a l  con t ro l  pane l ,  remote con t ro l  of the 
vacuum gauge, remote con t ro l  of the mass spectrometer ,  and remote record ing  
of the  p re s su re  and mass spectrometer r e s u l t s .  A l l  c o n t r o l s  were operated 
a t  a remote panel  i n  the  blockhouse of Complex 37 wh i l e  t he  mass spec t ro -  
meter system was loca t ed  i n  the Manometer Room approximately 1700 f e e t  
away. I n  checking the  system response time f o r  the new l i n e s ,  i t  was 
found t h a t  the flow through the very s h o r t  (approximately 15 f e e t )  S-I  
sampling l i n e s  a s  compared t o  the  175-foot l i n e s  t o  t he  S-IV s t a g e  
c rea t ed  a  pressure  f l u c t u a t i o n  w i t h i n  the  ana lyzer .  This  was co r r ec t ed  
by p a r t i a l l y  pinching down t h e  S-I l i n e s  u n t i l  the  gas flow r a t e s  and 
pressures  i n  a l l  of t h e  sampling l i n e s  were equal .  
During t h e  SA-8 tanking t e s t ,  t h e  HGDS w a s  used t o  ana lyze  f o r  
hydrogen, oxygen, n i t rogen ,  and helium and t o  d e t e c t  the  water  vapor 
l e v e l  i n  both the f i r s t  and second s t ages  of the v e h i c l e .  During the  
tanking t e s t ,  i t  was learned t h a t  the  compartment i n e r t i n g  time f o r  
the  S-I b o a t t a i l  was the  same a s  the purging time f o r  t h e  S-IvIS-I 
. i n t e r s t a g e  a rea  a s  prev ious ly  noted on the SA-9 t e s t s .  No gas l eaks  
were de tec ted  i n  e i t h e r  s t age .  The response time f o r  the  sampling 
po in t  i n l e t s  t o  the  instrument  was approximately 15 seconds. 
Saturn I ,  SA-10 
Between each success ive  tanking t e s t ,  the  remote c o n t r o l s  and 
sampling system were developed and r e f i n e d  t o  provide a  more r e l i a b l e  
and c o n t r o l l a b l e  instrument  which was capable of remote ope ra t ion .  
manufactured by the  consol ida ted  Electrodynamics Corporat ion.  The - 
instrument  was equipped wi th  a  Continuous I n l e t  System and an  Automatic 
Peak S e l e c t o r .  
The peak s e l e c t o r  allowed the  p re - se l ec t ion  of up t o  s i x  d i f f e r e n t  
gases  f o r  observa t ion  i n  a  continuous cyc le .  This  peak s e l e c t o r  was 
modified by i n s t a l l i n g  a  r e s i s t o r  network ac ros s  the  channel p i l o t  
l i g h t s  so a  ramp s i g n a l  i n d i c a t i n g  the  channel observed could be r e -  
motely recorded.  Relays allowed remote con t ro l  of t he  automatic  cyc l ing  
and manual cyc l ing .  The 21-614 was modified s o  t h a t  the  vacuum gauge 
c o n t r o l l e r  au toma t i ca l ly  con t ro l l ed  t h e  on-off switching of t h e  
f i lament  depending on the  vacuum observed by the vacuum gauge. The 
l abo ra to ry  ope ra t iona l  c a p a b i l i t y  of the instrument  was no t  impaired .by 
these  modi f ica t ions .  
The vacuum equipment was i n s t a l l e d  i n  a  51-inch h igh  s loping  f r o n t  
rack.  The 21-614 s a t  on top  of t h i s  r ack  (Fig. A-19) i n  i t s  own cab ine t .  
A r e a r  view (Fig. A-20) shows the a c t u a l  layout  of t h e  equipment w i th in  
the  two po r t ab l e  racks .  
The vacuum system was rearranged and s imp l i f i ed  t o  remove unnec- 
e s s a r y  c o n t r o l s  and v a l v e s .  With t h i s  ins t rumenta t ion ,  a  more accu ra t e  
and v e r s a t i l e  system was poss ib l e .  A s i n g l e  gas could be monitored 
cont inuously,  o r  s i x  d i f f e r e n t  gases  could be monitored on a  2-minute 
cyc le  from any one of the sample p o i n t s .  
During the  tanking t e s t ,  t he  monitor was used aga in  t o  observe the 
concen t r a t ion  of va r ious  gases  w i t h i n  the  S-I/S-IV i n t e r s t a g e  a r e a  and 
two d i s c r e t e  l o c a t i o n s  w i t h i n  the  S-I b o a t t a i l .  Through the  use  of the  
remote c o n t r o l s ,  the  instrument  was c a l i b r a t e d  a t  f r equen t  i n t e r v a l s  f o r  
hydrogen, n i t r o g e n ,  oxygen, and helium us ing  pre-analyzed s tandard  gas.  
The launch v e h i c l e  then could be monitored f o r  these  same gases both 
q u a l i t a t i v e l y  and q u a n t i t a t i v e l y .  The response time was about  20 seconds 
wi th  114-inch tubing wi th  the  peak s e l e c t o r  ope ra t ing  i n  a  c y c l i c  mode 
of opera t ion .  
No hydrogen l eaks  were de t ec t ed  i n  the  S-11s-IvB i n t e r s t a g e  dur ing  
the  tanking and detanking of LH2. No oxygen l eaks  were de t ec t ed  w i t h i n  
t h e  S-I b o a t t a i l .  The change from a i r  t o  GN2 purge and GN2 back t o  a i r  
was observed dur ing  the  t e s t .  One of t he  S-I sample p o i n t s  i nd ica t ed  
about  one pe rcen t  oxygen p r e s e n t  when the GN2 purge was i n  use .  However, 
no a la rm was caused s ince  the  func t ions  recorded f o r  t h i s  sampling 
po in t  were unusual and e r r a t i c  enough t o  i n d i c a t e  f a u l t y  ope ra t ion  of 
the  sampling l i n e .  Af t e r  the  t e s t ,  t h i s  eva lua t ion  was con£ irmed when 
a  loose  pressure  cap was found on a  "T" connect ion i n  the  sample l i n e  
between the Manometer Room and the swing arm. This  sample l i n e  had 
been previous ly  pressure  t e s t e d  f o r  l eaks  dur ing  tub ing  i n s  t a l l a t  ion  
and the  cap had n o t  been t igh tened  properly.  
Saturn I B ,  AS-201 
The HGDS was repackaged i n t o  a  s i n g l e  56-inch high c a b i n e t  and 
moved t o  Complex 34 t o  be used during tanking t e s t s  of AS-201. F igures  
A-21 and A-22 show the instrument  con£ igu ra t ion .  No changes i n  the 
instrument  system o r  e l e c t r i c a l  c o n t r o l s  were made. However, on ly  a  
s i n g l e  sample probe was i n s t a l l e d  i n  the i n t e r s t a g e  of the  S-IVB which 
provided sampling t o  the instrument .  No o the r  a r e a s  were sampled on 
AS-201 during the  f i r s t  t anking  t e s t .  
The system was operated i n  support  of a  manual LOX loading  t e s t  
of t he  S-IVB f a c i l i t y  v e h i c l e ,  t he  S-IVB automatic  LOX and manual LH2 
f a c i l i t y  checkout loading ,  and the  S-IVB automatic  LOX and automatic  
LH2 f a c i l i t y  checkout loading.  
Some e l e c t r o n i c  d i f f i c u l t i e s  were encountered dur ing  the f i r s t  two 
t e s t s  which were remedied before  t he  t h i r d  t e s t .  It was found t h a t  the  
S-IVB i n t e r s t a g e  compartment of t he  Sa turn  I B  (a l a r g e r  volume than  on 
the  Sa turn  I )  a l s o  was purged w i t h  GN2 t o  l e s s  than one percent  oxygen 
i n  approximately s i x  minutes.  
During t h e  p o s t - t e s t  eva lua t ion ,  i t  w a s  determined t h a t  a few 
improvements t o  t he  vacuum system were r equ i r ed  t o  f u l l y  provide HGDS 
s e r v i c e  t o  the Saturn I B  con£ igu ra t ion .  The sample i n l e t  manifold was 
changed from t h e  four  115 Vac solenoid va lves  on a tub ing  "T" f i t t i n g  
manifold t o  s i x  Marotta 28 Vdc va lves .  The i o n i z a t i o n  gauge con- 
t r o l l e r  was changed t o  a Granv i l l e -Ph i l l i p s  Company Model 02 w i t h  s o l i d  
s t a t e  c i r c u i t r y ;  however, due t o  d e l i v e r y  problems, a Model 01 c o n t r o l l e r  
was used temporari ly .  The l i q u i d  n i t rogen  l e v e l  c o n t r o l l e r  was changed 
t o  a Cryogenics,  Incorporated "LN2 Cryotrol ."  A water  p re s su re  drop- 
o u t  switch was connected t o  t he  water  l i n e  s e rv ing  the d i f f u s i o n  pump 
t o  p r o t e c t  i t  i n  t he  even t  of a water  p re s su re  f a i l u r e ,  and a water  
p re s su re  r e g u l a t o r  was added t o  con t ro l  water p re s su re .  A thermocouple 
gauge c o n t r o l l e r  w i th  an  automatic  r e l a y  a l s o  was a t t ached  t o  the  system. 
A vacuum gauge tube sensed the  f o r e  pump p res su re  t o  s h u t  o f f  t he  
d i f f u s i o n  pump i n  case  of a d r i v e  be l t  f a i l u r e  o r  o t h e r  f a i l u r e  of the  
f o r e  pump. 
The system was used f o r  support  of CDDT on AS-201. Sample l i n e s  
were i n s t a l l e d  i n  the S-IB engine compartment, t h e  S-IVB a f t  i n t e r s t a g e ,  
and the  Instrument  Uni t  (IU) . 
During the  f i r s t  CDDT, the  equipment funct ioned very  s a t i s f a c t o r i l y .  
During the  Environmental Control  System change from a i r  t o  GN2 j u s t  
p r i o r  t o  LH2 loading ,  the  instrument  de t ec t ed  a momentary f a i l u r e  of  the  
GN2 purge t o  t he  S-IVB i n t e r s t a g e .  During the  a c t u a l  LH2 loading 
sequence, a gaseous helium purge t o  the  S-IVB engine was de t ec t ed .  The 
concent ra t ion  of helium i n  the  nitrogen-purged compartment was about  
one pe rcen t .  The c a p a b i l i t y  t o  d e t e c t  t hese  s l i g h t  changes i n  the  
Environmental Control  Sys t e m  and the d e t e c t i o n  of  the  helium purge 
ind ica t ed  t h a t  the HGDS funct ioned proper ly  and could accomplish i t s  
mission t o  d e t e c t  hazardous gases .  
Gaseous helium was n o t  de t ec t ed  i n  e i t h e r  t he  S-IB o r  the  I U  
dur ing  the  CDDT. No hydrogen o r  oxygen l eaks  were de t ec t ed  during the  
t e s t .  The t e s t  was terminated a t  T-3:20 due t o  launch pad f a c i l i t y  
problems. 
On the  second CDDT, the  equipment operated marginal ly  u n t i l  the  
completion of LOX loading  on the S-IB and then f a i l e d .  F a i l u r e  was due 
t o  a malfunction of a vacuum gauge tube .  I n  an a t tempt  t o  conso l ida t e  
the  system f u r t h e r ,  a General E l e c t r i c  Model 22GT102 minia ture  i on iza -  
t i o n  gauge tube was i n s t a l l e d  i n  the  instrument .  It was found t h a t  t he  
General E l e c t r i c  tube was n o t  rugged enough due t o  m i n i a t u r i z a t i o n  t o  
wi ths tand  the HGDS environment, and, t h e r e f o r e ,  t he  vacuum sensor  was 
rep laced  wi th  the o r i g i n a l  type l a r g e  geometry i o n i z a t i o n  gauge tube.  
The instrument  was operated during launch of AS-201 t o  determine 
i t s  c a p a b i l i t y  to  withstand the  shocks encountered dur ing  l i f t - o f f  . 
Carefu l  examination of  the instrument  a f t e r  launch ind ica t ed  no phys i ca l  
or  e l e c t r i c a l  damage t o  the u n i t  a s  a r e s u l t  of l i f t - o f f .  
S l i g h t  v a r i a t i o n s  i n  the vacuum system p res su re  were a l s o  observed, 
and the  need f o r  an  unvarying p re s su re  w i t h i n  the vacuum system was 
necessary  f o r  accu ra t e  ana lyses .  It was decided t o  i n s t a l l  a n  au to -  
matic pressure  c o n t r o l l e r  which would sense v a r i a t i o n s  i n  t h e  vacuum 
system p res su re  and au toma t i ca l ly  a d j u s t  t he  sample i n l e t  flow t o  
compensate f o r  t h i s  v a r i a t i o n .  Micrometer needle  va lves  i n  the  sample 
l i n e s  allowed gross  adjustment  of sample i n l e t  f low,  and t h e  automatic  
c o n t r o l l e r  provided automatic  f i n e  adjustment  a s  r equ i r ed .  The sample 
i n l e t  va lve  manifold was changed from tubing "TI' f i t t i n g s  t o  a  s e r i e s  
of s i x  se l f -mani fo ld ing  solenoid va lves .  More va lves  can be added t o  
such a  manifold by merely b o l t i n g  them t o  the end va lve  i n  the manifold. 
The manifold assembly i s  shown i n  F igure  A-23. 
The opera t ion  of the  d i f f u s i o n  pump was completely automated. The 
vacuum gauge which senses  the  f o r e  l i n e  p re s su re  opera ted  the  d i f f u s i o n  
pump through a  pressure-ac tua ted  r e l a y .  When the f o r e  l i n e  p re s su re  i s  
a t  the proper l e v e l  f o r  the d i f f u s i o n  pump t o  ope ra t e ,  t he  d i f f u s i o n  
pump i s  au toma t i ca l ly  ac tua t ed .  
A s  a r e s u l t  of t h i s  succes s fu l  development program and the  launch 
schedule of the  Apollo Sa turn  I B ,  it was decided t h a t  permanent HGD 
Systems would be assembled a t  MSFC. Therefore,  t he  prototype was r e -  
packaged t o  conform t o  the  b e s t  manufacturing procedures ,  ease  of handl ing ,  
and r e l i a b i l i t y .  F igures  1 and 2 i n  t he  main body of t h i s  r e p o r t  show 
the  f i n a l  con f igu ra t ions  of the HGDS i n s t a l l e d  on Complex 34 and 
Complex 3 7 B .  I n  a d d i t i o n  t o  t hese  two u n i t s ,  a  t h i r d  system was 
assembled t o  provide gas s u r v e i l l a n c e  f o r  the Sa turn  V 500-F f a c i l i t i e s  
t e s t  v e h i c l e .  While t h i s  u n i t  was i d e n t i c a l  t o  t he  HGDS provided f o r  
t he  Saturn I B ,  t h e  c o n t r o l  system f o r  it was designed so t h a t  t he  
ana lyzer  would be operated by t h e  ground computers 
the  d i g i t a l  da ta  a c q u i s i t i o n  system. The d i s t ance  from the  launch pad 
a r e a  t o  the  launch c o n t r o l  cen te r  f o r  t he  Saturn V i s  about  2-112 mi l e s ,  
so d i r e c t  con t ro l  and readout  were no t  p r a c t i c a l .  
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FIGURF, A - 3 .  - HAZARDOUS GAS MONITOR P I C T O R I A L  DIAGRAM, SA-7, SA-9 
FIGURe A-4 .  - HAZARDOUS GAS DETECTOR, LOCAL CONTROL PANELS, SA-9 




FIGURE A - 6 .  - LOCAL POWER CONTROL 
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FIGURE A - 7 .  - LOCAL POWER CONTROL 





FIGURE A - 8 .  - MODIFICATION OF VEECO VACUUM GAUGE FOR REMOTE CONTROL 
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FIGURE A - 9 .  - MODIFICATION OF CEC 2 1  -6 1 2  MASS SPECTROMETER FOR 
REMOTE CONTROL 
FIGURE A-10. - HAZARDOUS GAS DETECTOR BLOCKHOUSE REMOTE CONTROL, SA-9 
FIGURE A - l l  . - BLOCKHOUSE REMOTE CONTROL FOR MASS SPECTROMETER 
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FIGURE A - 1 3 .  - BLOCKHOUSE REMOTE CONTROL FOR ac POWER 
F I G U R E  A - 1 4 .  - GASEOUS NITROGEN PURGE O F  S - I V  A F T ,  S A - 9  
FIGURE A - 1 5 .  - PROOF O F  OXYGEN REMOVAL BY GASEOUS NITROGEN PURGE 
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FIGURE A - 1 6 .  - HGDS MECHANICAL BLOCK DIAGRAM 
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FIGURE A - 1 7 .  - LAUNCH PAD RACK PANEL LAYOUT 
LAUNCH PAD BLOCKHOUSE 
FIGURE A - 1 9 .  - HAZARDOUS GAS DETECTOR, S A - 1 0  
FIGURE A - 2 0 .  - HAZARDOUS GAS DETECTOR, REAR VIEW 
FIGURE A-21.  - HAZARDOUS GAS DETECTOR, A S - 2 0 1  
FIGURE A - 2 2 .  - HAZARDOUS GAS DETECTOR, REAR VIEW 
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